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portions of a DOE document that has undergone extensive technical review. Sections 10.2.1,

seismic strengthening efforts at several DOE sites including Los Alamos National Laboratory and

The general guidelines for evaluating the seismic adequa



10.1 PIPING SYSTEMS
10.1.1 PIPING
This section is the "Procedure for the Seismic Evaluation of Piping Systems Using Screening
Criteria", WSRC-TR-94-0343 (Ref. 59) which was developed by ‘the Westmghouse Savannah

River Company. Some of the background material for this section is contained in References 52
through 55 and the technical review of this section is summarized in Reference 27.

10.1.1.1 Objective

This procedure may be used to evaluate the seismic adequacy of piping systems within the Scope,
Section 10.1.1.2, and subject to the Cautions, Section 10.1.1.3.

The procedure may be used alone or with the rest of the DOE Seismic Evaluation Procedure,
depending on the piping system's required function, listed in Table 10.1.1-1.

Table 10.1.1-1 Procedures Applicable to Required Piping System Functions

FUNCTIONS | Delivers | Equipment Leak Not PROCEDURE
Fiow? Operating? Tight? Fali?
Operability Yes Yes Yes Yes Piping Screens and DOE Seismic
Evaluation Procedure
for Equipment
1 Ly
Maintain No No Yes No Piping Screens and DOE Seismic
Integrity of Evaluation Procedure
Pressure for Equipment Anchorage
Boundary
Position No No No Yes Subset of Piping Screens
Retention

Features of a piping system that do not meet the screening criteria are called outliers. Outliers must
be resolved through further evaluations (see Chapter 12), or be considered a potential source of
seismically induced failure. Outlier evaluations, which do not necessarily require the qualification
of a complete piping system by stress analysis, may be based on one or more of the following:
simple calculations of pipe spans, search of the test or experience data, vendor data, industry
practice, or other appropriate methodology.
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This procedure applies to existing (installed), safety or non-safety related, above ground metallic

piping or tubing systems constructed of materials listed in ASME B31.1 (Ref. 90), ASME B31.3

(Ref. 91), NFPA (Ref. 92), or AWWA (Ref. 93), with the following restrictions:

1. Pipe materials must be ductile at service temperatures. Cast iron materials are excluded. Non
ferrous alloys with a specified ultimate tensile strength (UTS) of less than 30 ksi are
excluded. Welded aluminum materials are excluded. Soldered joints are outliers.

2. Diameter-to-thickness ratio (D/t) of pipe must be 50 or less. In terms of pipe thickness (t),
the thickness must be greater than the diameter (D) divided by 50.

3 Operating temperature must be below 250°F, but above -20°F

4 The facility’s Seismic Demand Spectrum (SDS) must meet the requirements of Chapter 5

Commentary

1. While the focus of seismic experience has been mostly on welded steel piping, there is n

stee S no
evidence that welded piping constructed of metals other than gray cast iron has performed
poorly in past earthquakes. Test and earthquake experience of piping systems is contained in
References 94 through 99.

Except for aluminum, non ferrous pipe materials allowed by the ASME B31.3 (Ref. 91) code
have UTS of 30 ksi or better. Welded aluminum is excluded since many grades of aluminum
alloy have low specified ultimate and yield strengths, and tend to have low fatigue strength
and limited ductility in the heat affected zone.

The screens may be used for copper piping. The UTS of weldable grades of copper and
bronze piping exceeds 30 ksi. Copper tubing and piping can also be brazed, and a properly
brazed joint is stronger than the pipe.

Soldered joints operating at ambient or higher temperatures exhibit, with time, a reduced
strength. At cryogenic temperatures they tend to become brittle. Soldered joints, unlike
brazed joints, must be considered outliers.

Pipe materials must be ductile at service temperatures, having total elongation at rupture
greater than 10%. Table 10.1.1-2 shows such properties for common piping materials at
room temperature. When judging material ductility, the review team must consider the effect
of material degradation on these properties, particularly the potential for reduced elongation
caused by lowered ductility.

Cast iron or brittle elements in a ductile piping system are outliers, but they may be accepted
(by other appropriate procedures) if proven to be located in iow seismic stress areas, and not
susceptible to impact.

111 1

o _ B IS g I o YR R P R R [ S I Y 1 . s a
Seismic induced deflection or loads at groove type mechanical joints shall be limited to
crmama A 124 Py | PRGN, ) PRSPy PR B LRV

vendor listed allowables or test based limits
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2.  The seismic testing and earthquake experience data is mostly from standard or thick wall
pipe. The screening criteria apply directly to piping systems with a D/t ratio of 50 or less.

3. Below 250°F, thermal expansion loads are small for the purpose of seismic evaluation. The
review team should identify unusually stiff piping configurations where the 250°F rule is
questionable. Materials lose ductility at low temperatures. Therefore, piping operating
below -20°F are considered outliers. S -

4. Limiting the screening criteria to the specified free field horizontal spectral acceleration is a
precaution introduced to remain within the scope of earthquake experience data for

equipment.

Table 10.1.1-2 Typical Properties of Common B31.3 Piping, Tubing, Fitting,
and Support Members Materials at Room Temperature

DESCRIPTION MATERIAL BASIC YIELD ULTIMATE ELONGATION
ALLOWABLE | STRENGTH STRENGTH IN 2" DIA.
{(ksi) {(ksi) (ksi) ROUND SPECI
(min. %)
Structural Steel A36 17.8 36.0 58.0 - 80.0 20 - 23
Carbon Steel Pipe AS53, 20.0 35.0 60.0 22-23
GR.B
Carbon Steel 1A105, FR. 23.3 36.0 70.0 18 - 30
(Forged Fitt.) CL-70
Carbon Steel A106, 20.0 35.0 60.0 16 - 30
(Seamiess Pipe) GR. B
Pipe Fiiting A234 20.0 35.0 60.0 i4 - 30
GR. WPB
Carbon Steel Bolt A307, 13.7 36.0 60.0 - 100.0 18
GR. B
Stainless Steel A312, GR. 16.7 25.0 70.0 25-135
Pipe TP-304L
Copper Tube Various 6.0 - 15.0 9.0 - 40.0 30.0 - 50.0 25
types
Red Brass Pipe B43 8.0 12.0 40.0 35
Temp. G61
10.1.1.3 Cautions
1. The screening criteria are not meant to be a design tool. The applicable code should be used
at the design and layout stage. The screening criteria are not equivalent to compliance with
the seismic design requirements of ASME B31.1 (Ref. 90), ASME B31.3 (Ref. 91), ASME
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Boiler and Pressure Vessel Code Section III (Ref. 100), NFPA-13 (Ref. 92), AWWA (Ref.
93), AISC (Ref. 81), or AISI (Ref. 101). An ex1st1ng piping system may comnlv with the
screening criteria but not with the design codes' seismic requirements, and vice-versa.

If a piping system has been designed and constructed to comply with the seismic design
provisions of a reference code, it is not necessary to evaluate its seismic adequacy using this
procedure. However, the review team may chose to address the provisions of screens
10.1.1.7 "Internal Degradatlon” 10.1.1.8 "External Corrosion” and 10.1.1.18 "Interaction
with other structures” of this procedure, since these considerations are not typically

addressed in design codes.

If seismic loads were not included in the original code design of the piping system, the
review team may evaluate the seismic adequacy of the non-seismically installed piping system
using this procedure with approval from the owner and/or jurisdiction as appropriate. As an
alternative, the review team may evaluate the seismic adequacy of the installed system using
the seismic design provisions of the reference code.

2. Application of the screening criteria must refiect the consensus of a seismic review team of
two or more aegreea engineers, each engineer having the following qualifications (see
Section 3.2.2):

a. aminimum of five years experience in seismic design and qualification of piping
systems and support structures

b.  capability to apply sound engineering judgment, based on the knowiedge of the
behavior of piping systems in actual earthquakes and seismic tests.

2 N1 sannme ~AF 4hhn cnsaniniime Anmsdbascn cvmziod ~mmaamemd b a s \ A A AN

S LUalilicd use1s O1 tiC SCIciing Ciiicria must COMPICIE a training Course (see Section 3.2.2)
and successfully pass an examination (as appropriate) in the following topics:

a contant and sntant AF tha garaaning Aritania
a CUILILCLIL AllU 1HIWC1IL Ul UIC DUICCILL 15 CLICILL
h nining and nina aiinnart dagion ramiramante ~nf AQME D21 1 /Daf ONY AQAMIT D21 2
U. Pipiiig aiiu pipu Suppulit Ulsigll ICHUILICHICIILS U1 ASIVILE DO 1.1 (KCI. JVU), ADIVIE DJ1.D
Maf Q1Y NNFPA_12 (Raf O2Y AWWA (Daf Q2) ATQOM Daf Q1) and ATQT
UNVLe 71 ), ANL L LA 1J \UNVL. J4 )y £2VY VYV A (UNUL. 70 ), ALOC (NCL. 01 ), dallu Al1J1
(Ref. 101)
\.l\\/].- i1v1iy
c ninino and nine hanoer ctandardc
e ylt}lll& LIS tlltlv llwlévl AR S AN S A e ]
d ninino materials and deoradation mechaniemg
~ tJLtJAAAb ALARLWL AL RRaans \&vb&“\‘u\,‘.\l‘.l ALAN/NALARLLLIOLLED
e support anchorage rules of the DOE Seismic Evaluation Procedure
f earthguake and seismic test experience data for nining svstems
q p ata for piping systems

4.  The screening criteria rely on the considerable body of piping test, earthquake data and

analytical design practice to screen n, dentify the following key attributes which may lead

7

a.  Material condition: Poor construction details and material degradation are at the source
of many seismic failures observed in piping systems. Construction quality and material
condition are thoroughly covered in the screens.
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10.1.1.4 Documentation
Ve 4 Ade T A/ VUNVULLINVLILGALAV/LL
The review team shall comnlete a Pinine Seismic Evaluation Work Sheet (SEWS 10.1 1 in Chanter
A AL i A LA i UAAAtI‘vl»V L€ 8 Llllllb WNVADLLIAY AJ Y QRLIUQLLIVUILIL VY UL WVIIVUL \u‘_{ YV W 1VUV.l1l.1 111 LUliAa (895§
13) for each ninino svstem. Similar ninino svstems mav he dacuimentad in a cinole SEWQ 101 1
1) avva Vidviz t}LrLLAb uJ Jveiaaa WS ALArAAAR tIAtILAAb UJ DUNLLAD 111&&] Uw UVvUvUlLIViILVG 1l @ Ulllsl\/ WAL YY WD AV, 1.1
The technical basis for indeing each screening criterion shall be described on attached cheate and
A AAN VW WALLALNUAAL LSRRI AN ANsa Jwvc‘-‘-‘o weaawiaa owA VVAAAAAO WAAVWAANAL DLdAALA UV UVUWVILUVG Vll LAlliaaviiva J1IVUV LD AaLliu
cross referenced in the corresponding notes column of the SEWS 10.1.1

The method and calculations to resolve outliers shall be documented.

The purpose of each screening criterion is included in this procedure and explained in the required
training course.

For each piping system, a complete documentation package will be assembled consisting of the P-
SEWS with attached notes and calculations, sketches, and photographs.

Documentation should be sufficient for independent review by an experienced piping engineer
trained in the application of this procedure.

10.1.1.5 Required Input
1. Piping System ID

Record the appropriate piping identification numbers, such as line numbers, chronological
numbers, calculation numbers, equipment list item numbers, etc.

2.  System Description and Fluid Boundaries

Piping system descriptions such as system, subsystem, or line number must clearly
communicate the scope of the seismic review (boundary points) on a flow diagram sketch.
All branch lines shall be identified, and seismic/non-seismic fluid boundaries shall be noted.

Piping System Function and Contents

(8]

The contents and function of the piping system during and after the earthquake must be
described and categorized as operability, integrity of pressure boundary or position retention
(refer to Table 10.1.1

PR, S,

1\ T s ~man LcTca_ . 23 ___ 4O P
.1-1). For operability, identify active equipment.
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4. Piping Layout and Structural Boundaries

Isometric sketches, based on visual inspection, must be sufficient for piping engineers to
visualize system response and calculate approximate span equivalent lengths.

Structural boundaries, along with support types and locations shall be noted. If adjacent
walls or structures are relied on for seismic restraint, these features shall also be noted. In-
line equipment and concentrated masses shall be noted where they contribute to significant
weight.

W

Piping System Location and Reference Drawings

Record the piping system location, such as building, floor or room number.

If the piping system spans different buildings or floors, note all locations.

A list of reference drawing numbers and revisions used in the evaluation, such as flow

diagrams, piping arrangement diagrams, isometrics, equipment drawings, etc. is required. A
separate sheet may be used if needed.

(@)
X
o]
—e
=
(1]
»
<i

S | 1T 1.1

List all pipe materials, sizes (nominal pipe size and schedule or thickness) and the references
a specifications or drawings).

~J
-
o
~

oo
@)
o)

9. Input Response Spectra (see Section 5.2)

—

The input response spectra are used in several screens and may be necessary for the

> ary for th
resolution of outliers.

The review team shall document the appropriate ground and/or floor response spectra,
applicable references, and status (final or preliminary). Final response spectra are required to
finalize the evaluation.

The ground response spectra (at 5% damping) shall be used for piping supported from grade.
(see Section 5.2)
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above grade. (see Section 5.2)

. |

visible damage to the piping and the supports, prior to applying the screening criteria.

Construction Quality (Screen 1)

1

, temperature (250°F and -20°F) and input acceleration of evaluated piping
An assessment shall be conducted of the design, welding, and fabrication quality, as w

is appropriate for this screening procedure.

1

11
21

equipment nozzles shall be considered.

1

1

The floor (in-structure) response spectra (at 5% damping) shall be used for piping supported
Limits and conditions as given in the Applicability section must be met, to ensure that the

Relative building movements shall be obtained from the building structural analysis.

If the piping terminal ends are at large flexible equipment, seismic anchor motion of the
If the piping spans between buildings, the relative anchor motions shall be considered.

material, size (D/t)

11

10.1.1.6
Screen 1 - Piping, components and supports shall be undamaged and of good construction.

10. Applicability

Comment

A

- v
holuolien

55

- S

Q
«3

°
i

10.1-8

7

ry
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v

4

where the tube extends beyond the fitting socket

x

J

brazed joints, apparently of good quality, but without a thi

uneven, undersized or damaged welds
unusual or temporary repairs
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evidence of interference having caused significant bearing, scratch marks or distortion to the
pipe metal or to components

a pipe dislodged from its support so that the weight of the pipe is distributed unevenly on the
hangers or saddles

the deformation of a thin vessel wall in the vicinity of a pipe attachment
pipe supports forced out of position by expansion or contraction of the piping

the shifting of a base plate, breaking of a foundation, or shearing of foundation bolts of
mechanical equipment to which piping is attached

missing nuts or bolts

signs of leakage (discoloration, dripping, wet surface)

cracks in connecting flanges or the cases of pumps or turbines to which piping is attached
deterioration of protective coatings, fireproofing or other periodic maintenance conditions

general physical damage

2.

the piping system operating performance records, and

a metallurgical assessment

It is unnecessary to perform new nondestructive surface or volumetric examinations of the piping
system for this screen. The review of performance records and metallurgical assessments are to be
based on existing data. If either source of information is unavailable or suggests potential internal
degradation, the system must be classified as an outlier.
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10.1.1.7.2 Metallurgical Assessment

The metallurgical assessment of the piping systems must be performed with the help of materials
engineering. When considering materials, fluids and operating conditions, the materials en
must judge the potential for reduced performance capability resulting from material degradation
erosion or corrosion.

10.1.1.7.3 Guidance: Susceptible Areas

The following areas are most susceptible to corrosion, erosion, and other forms of material
degradation.

1. points at which condensation or boiling of acids or water is likely to occur

2.  points at which acid carryover from process operations is likely to occur

3.  points at which naphthenic or other organic acids may be present in the process stream
4. points at which high-sulfur streams at moderate-to-high temperatures exist

5.  points at which high- and low-temperature hydrogen attack may occur

6. dead ends subject to turbuience, or where liquid-to-vapor interface or condensation occur
7.  valve bodies and trim, fittings, ring grooves and rings, and flange facings
8. welded areas subject to preferential attack

n | 4 ~ - I PR [ DO S S

9.  catalyst, flue-gas, and slurry piping
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15. points of accidental contact or insulation breakdown that causes contact of dissimilar metals

16. an area where steam or electric tracing contacts piping handling material such as caustic soda,
where concentrated heat can cause corrosion or embrittlement

17. an area immediately downstream of a chemical injection point, where localized corrosion
might occur in the reaction zone

18. heat-affected zones (around and in welds) in non-post weld heat-treated carbon steel piping in
amine service

19. dissimilar metal welds

20. piping subject to mechanical or flow induced vibration.

The potential for general corrosion or erosion that could result in pipe wall thinning shall be
assessed. If wall thmmng potential exists in the material or environment, sample measurements
shall be taken. If the Dredlcted thinning exceeds 20% of the pipe wall for the planned life of the

piping system, the system is an outlier.
If stress corrosion cracking is likely, examinations shall be performed.
The hazard of embrittlement (due to hydrogen, hydrogen cracking, irradiation, thermal aging, etc.)

for the planned life of the piping system shall be assessed. If it is Dos51ble for pipe ductlhtv ( (total
elongation at rupture) to be reduced by 10% or more, the system is an outlier.

10.1.1.7.4 Guidance: Material Compatibility

The following possible material conditions must be evaluated, along with other service specific
conditions:

1. Carbon Steel, and Low and Intermediate Alloy Steels
a.  possible embrittlement when handling alkaline or strong caustic fluids

b. possible hydrogen damage to piping material when exposed (under certain temperature-
pressure conditions) to hydrogen or aqueous acid solution

c.  possible stress corrosion cracking when exposed to wet hydrogen sulfide, and the
further possibility of deterioration (sulfidation) in the presence of hydrogen sulfide at
elevated temperatures

the need to limit maximum hardness of metals in applications subject to stress corrosion

P..



2. High Alloy (Stainless) Steels
a.  possible stress corrosion cracking of austenitic stainless steels exposed to media such

as chlorides and other halides either internally or externally as a result of improper
selection or application of thermal insulation

3. Nickel and Nickel Base Alloys

a.  possible stress corrosion cracking of nickel-copper alloy (70Ni-20Cu) in hydrofluoric
acid vapor if the alloy is highly stressed or contains residual stress from forming or

welding
4.  Copper and Copper Alloys

a.  possible dezincification of brass alloys

b.  susceptibility to stress-corrosion cracking of copper-based alloys exposed to fluids
such as ammonia or ammonium compounds

c.  possible unstabie acetylene formation when exposed to acetylene
10.1.1.8 External Corrosion (Screen 3)

Screen 3 - Piping, components and supports shaii be free of significant external corrosion.
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Stainless steel. conper. nickel. and their allovs are tynicallv used in B31.3 (Ref 91) and regist
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atmosnoheric corrosion. Thev mav be accented without further review. Iron and carbon (low allov)
Quiix PAAVALY VULAUOAVLL. A LIV 2R UV BUVUPIVG WAMLIVUL LUV 1V VIV WY A1Vl Qv vaiuvvuill \AUVV auu_y}
steels. however. mav be subiect to attack. narticularlv in areas where moictire can accuimnlate Tf
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piping is insulated and made of iron or carbon/low allov steel insulation should be removed at
PIPIE 1S INSWIAICA and Miade 01 11011 Of CcATDOI/I0W aliQgy Steel, msuiation snouig 0e removea at 3
accessible and susceptible points and the pipes inspected for corrosion

Significant corrosion (uniform loss of more than 20% of metal thic
the supports or piping to carry loads. For supports, areas to co
and pipe-clamp or pipe-saddle interfaces. Local metal loss exce

may be acceptable, but each occurrence must be evaluated.

10.1.1.8.1 Atmospheric Corrosion

When metals such as iron or steel are exposed to the atmosphere, they will corrode due to the
presence of water or oxygen. Below 60% humidity, corrosion of iron and steel is negligible. To
prevent atmospheric corrosion, it is necessary to protect the surface of the metal from water by

means of a protective barrier or coating.
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The normal rate of atmospheric corrosion of unpainted steel in rural atmospheres is low, ranging
from 0.001 to 0.007 inches per year. However in some atmospheres, a steel corrosion rate of
0.05 inches per year is possible. The rate of corrosion accelerates at any break in a protective
coating because the exposed metal at the break becomes anodic to the remaining metal surface. At
such breaks, deep pits will form.

Equipment which is located next to boiler or furnace stacks and exposed to corrosive gases such as
sulfur dioxide and sulfur trioxide is subject to accelerated corrosion. These gases, dissolved in
water condensate from flue gas, rain, or mist, form dilute acids which act as electrolytes. In
addition, chlorides, hydrogen sulfide, cinders, fly ash, and chemical dusts present in industrial
atmospheres may act in a similar manner.

10.1.1.8.2 Corrosion Under Insulation and Fireproofing Materials

Inadequate weatherproofing on piping allows moisture to penetrate to the underlying steel, where

hidden corrosion takes place. Such hidden corrosion is often severe in refrigeration systems. The

skirts of all vessels, regardiess of operating temperatures, are subject to severe corrosion under

insulation or fireproofing. Cracks in fireproofing concrete, particularly at the top where the

concrete ends, aiso allow moisture to penetrate and hidden corrosion to occur. Protective organic
i / be useful, especially ii.‘l seacoast areas where chlorides can come from the air rather

-
)

-
-

53
2 £,
=h B
=
5 09
)
. S E
et
=)
i—) g<|
A
=
2]
c
—_
o
=
)
=
=)
T
cr
=
[l
a
cu
5
o
c
_—
=
o]
)
o]
]
e
=
[72]
=]
s
=
o
=
=
@
o
]
1)
b2
%.
N
[72]
]
=
cd
=)
—
(¢]
(e]
—
o~
]
=.
Q.
(4]
»
[72]
8..
=]
—_
Q.

o A oea

1. 1 1
/ith austenitic (300 series) stainless steels to prevent stress corrosion cracking.
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10.1.1.8.4 Corrosion of Structures

Structures that provide crevices where water may enter and remain for long periods are subject to
severe corrosion. Examples are structural members placed back to back, and platforms installed
close to the tops of towers or drums. Structures located near furnace stacks and cooling towers are
particularly susceptible to this type of attack.
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Ralted ininte enich ac valve nackinog or flanoes mav leak Thig ig esneciallv true for water lineg
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chow incidents of leakace due to frozen water exnandine throueh and distortine flanoe oaskets
show 1ncigents of leakage due to frozen water expanding through and distorting riange gasxets,

Leaks from bolted joints allow fluid to either collect on the pipe or drip onto other systems. In
areas where leaks are encountered, the walkdown team should ensure either that the bolts and fluid
are compatible or that the bolting has not been subjected to process fluid attack from gasket
leakage

10.1.1.9 Span Between Vertical Supports (Screen 4)

Screen 4 - Piping shall be well supported vertically.

Commentarv

A piping system may be considered well supported for deadweight if the equivalent span length
between vertical supports, for liquid or gas service, is as shown in Table 10.1.1-3, which lists
acceptable vertical support spacing for this screen. The spans in this table correspond to 150% of
the ASME B31.1 suggested pipe support spacing provided in Table 121.5. The ASME B31.1
values are based on a bending stress of 2300 psi and a maximum sag of 0.1 inch. Since these
values are low, it has been judged reasonable to use 150% of the ASME B31.1 span lengths for

installed systems.

Table 10.1.1-3 Equivalent Span Between Vertical Supports

) N4 _*__ 1 TWe»e__ _ o Y es_.__*21 o . __® _ Yy __ [«
INoOminal ripe Size Ligquia >ervice Udd DErvice
£ -\ (04N P4
in) iy) 1)
1 1N 17
1 1V 10
2 15 9
o} 10 lso]s]
J 10 pya
7 21 75
r'4 N 21
v ~d J1
8 78 36
19 24 A8
14 P b o TJ
16 0 52
gz} 78 63




Wei = weight of in line components in span [1b]
Wi g D ts in span {Ib]
A/ — waiaht nar 11mit lanath Af nina ciza inocnlatinm and Annfantoe 10 cman TTk /61
\Al - wuilgli L ULUL VUL UL PIPU D140, 11dulaulull allu CULILCLIW 111 dpail [1U71L]
The annivalant ecnan lanaoth far ogac carvira mawv ha 11cad far avalitating amebc
11V vyulvaiviit Spail iviigiil 1Vl 5ad SULVILU 1liay UC udtl 101 vaiuatiliyg © llp 9
nnrmn"v ™ r\ir\n cnNnancg
llUllllmlJ ULJ, tllt’\/ \)tlullo
V. cal lnadino can he recicted hv enoineered deadweiocht ciinnarte Ar ctrmictiirag that ara nat
v LAL IUQULLE VALL UL 1V0I0IVU Uy VIGIHUIVLVIVU ULAUWUIEIIL SUPPULLS, UL SUULLULLDS uldal alC 11Ul
considered deadweioht sunnorts. suich as nenetrationg thronioh walle certain tunec of haoy heam
UL VLVILU ULVAU VY VIS DUPPULID, DULIL 80 PULIVULLGUULLS UllUUgll vwailld, Luildill Ly pud Ul UUA Ulalil
horizontal restraints, and floor slabs.
The following vertical sunnort confiourations shall be considered outliere in ceigmic ecreening
.v > i vl o i=) U ULAAA UV VVIIUJLAUVIAVU UUULIVI D 111 OWwiD111iVv OULV\JIIILIE
evaluations
1. friction clamp connections
2.  shallow pipe saddle support or pipe rolls
rr rr rr
3.  bottom support if not positively attached to the pipe and floor, and if the lateral movement of
the pipe could possibly tip the support
4.  pipe resting on a support, free to slide laterally so as to fall off the support
5. A clamp on a vertical riser without positive attachment to the pipe, such as lugs above the

clamp.

10.1.1.10 Span Between Lateral Supports (Screen 5)

Screen 5 - Piping shall be sufficiently restrained in the lateral direction.

Commentary

A piping system may be considered sufficiently restrained in the lateral direction if the equivalent
lateral span length for liquid or gas service does not exceed three times the spans in Table 10.1.1-3,
which corresponds to 4.5 times the ASME B31.1 (Ref. 90) suggested vertical pipe support
spacing. This span is to be divided by 2.3 (stress intensification factor for threaded joints) for

pipe sections which contain threaded joints.

The 4.5 times the B31.1 deadweight spans for spacing of lateral restraints is consistent with the

current draft ASME B31 Mechanical Design Committee Appendix on Seismic Design (Ref. 103).
Seismic experience data has mdicated that relatively long spans have experienced lower spectral
accelerations and are more susceptible to displacement-induced damage. Theretore, actual spans
between lateral supports will often be limited to less than 4.5 times the B31.1 deadweight spans by
Screen 6 (anchor motion of headers), Screen 9 (equipment nozzie ioads), or Screen 12 (pipe
support).
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frequency response of the system is modified.
3 U-Bolts
U-bolts provide significant horizontal restraint, even when the side load design capacity of the U-
bolt is exceeded. Should the U-bolt yield under seismic stress, it will bend, resisting horizontal

motion by tension. U-bolts should not be considered to provide longitudinal restraint along the
pipe axis.

4. Saddles

There are generally two types of pipe saddle supports; a simple saddle on which the pipe merely
rests, and that which includes a yoke (strap or U-bolt) to restrain the pipe in the saddle. A shallow
simple saddle provides practically no horizontal restraint, and could permit the pipe to escape from
its support during a seismic event. A deep saddle support will restrain the pipe in the lateral
direction.

5. Floor and Wall Penetrations

Piping often passes through openings in floors, grating or walls. Since these openings are not
designed as supports, gaps between the pipe and the structure exist. When made in floors or
walls, the openings are usually secured by a sleeve; in gratings, a sleeve or a ring is used. These
penetrations provide significant lateral restraint during dynamic seismic events and, like the box
beam, prevent displacement, dissipate energy and modify system frequency.

6. Rod Hangers

The Iateral support capacity of rod hangers is measurable as a function of the swing angle of the
rod when subjected to a given lateral load. While this lateral support capacity 1s not provided by
design, it can be important in practice. The length of the rod is significant because for shorter
rods, the swing angie and resistance to horizontai dispiacement is greater. An effective lateral

spring rate formula for short rod hangers is W/l, where W is the tributary weight on the rod and I is
the length of the rod.
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10.1.1.11  Anchor Motion (Screen 6)

Screen 6 - Piping must have sufficient flexibility to accommodate the seismic motions of
structures, equipment and headers to which it is attached.

Commentary

One of the most common causes of piping failure in strong motion earthquakes is seismic anchor
motion (SAM) resulting from:

1.

2.

W

4.

5.

large displacement of unanchored tanks or equipment

failure of the tank or equipment anchorage

large differential motions of structures to which the piping is attached
large motions of header piping induced into smaller branch piping

differential movements due to soil settiements

SAM caused by these sources imposes large strains in rigid sections of the piping system. Most of
the common piping failures are in pipes with non-welded connections to tanks, pumps, and larger
header pipes which are insufficiently restrained.
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Header motion imposed on small branch lines must be assessed, or the header must be
restrained near the branch.

The elastically calculated unintensified stress amplitude due to SAM (M/Z) may be limited to twice
the material yield stress for screening purposes. When considering lateral movement of header
pipes and restraint of branch pipes, it is necessary to define a lateral restraint, as discussed in
Section 10.1.1.10, Lateral Span.
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Commentary

1 <7 manhaniaal fatato chial Lol
The seismic experience data contains a number of instances where mechanical joints which rely on
friction have leaked. While it is not clear whether this leakage was due to seismic anchor motion
effects (already covered by an earlier screen), these joints must be classified as outliers pending
further studies. Joint vendors may be contacted or tests may be conducted to obtain allowable
loads, and simple span formulas may be used to estimate applied loads to be compared to the
allowabhles
allowables

allsvy julll re

service loads. If the flanged joint is a B16.5 (Ref. 102) flange adequ
pressure above the operating pressure, the flange is acceptable. Other flan s lesse
capacities should not be located in high stress areas. One method of assessing moment capacity at
flanges is to determine excess pressure capability (rating minus operating pressure) and convert
that into an equivalent moment. The rated pressure of flanged joints shall be established.

langed joints have leaked under severe seismic loads, and sometimes may leak under normal
1

If there are indications of leakage at the joint in past service, the flanged joint is an outlier.

Slip-on flanges are only acceptable if located in areas of the piping system with estimated
unintensified seismic stress less than approximately 10,000 psi.

10.1.1.14  Equipment Nozzle I.oads (Screen 9)

Screen 9 - Equipment shall not be subjected to large seismic loads from the piping systems.

Commentary

To be considered operable, active equipment and components (such as pumps and valves) have to
meet the requirements of the DOE Seismic Evaluation Procedure (refer to Table 10.1.1-1), in
addition to the following requirements:

Equipment and component nozzles, except for valves that are stronger than the pipe, should be
protected, by appropriate restraints, from excessive seismic loads, particularly where the
equipment nozzle or joint is of smaller size than the pipe. The piping layout shall be reviewed to
evaluate that large seismic loads are not reacted at the equipment nozzle. One potential problem is a
long axial run of pipe not restrained from axial movement except at the equipment nozzie. If there
is a possibility of large seismic loads, the unintensified bending stress at the nozzie shaii be
elastically evaluated and compared to twice the material yield stress.
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For unsupported flexible joints such as expansion joints, bellows, or flexible joints, t
displacements need to be limited to prevent tearing or buckling the joint. Where man
limits can be exceeded, the Review Team should ensure the joint i ili
the seismic deflections. When such joints are adequately supported on either side this is not
usually an issue.

If the configuration is such that excessive seismic movements at the expansion joint could tear or
buckle the joint, the expansion joint is an outlier. Calculation of seismic displacements and
comparison to established allowable displacements are required to resolve the outlier.

The seismic evaluation team may refer to the rules of the Expansion Joints Manufacturers
Association (EJMA).

10.1.1.17  Evaluation of Pipe Supports (Screen 12)

Screen 12 - Pipe supports shall be capable of withstanding seismic loads without failure.

Commentary

Support failure refers to non-ductile rupture or complete loss of restraining function of the pipe
support.

The review team shali evaluate the seismic load and capacity of supports judged to be prone to
failure. The basis for the support selection shall be documented.

Exampies of supports to be evaluated are:

. supports with largest spans or close to heavy components

. supports reacting the load from long axial runs
s P PRSI PR LI PRSTRR P
® SNOrt 10as adgjaceiit o 10nger 1oas
PULY.7 ISR UL S PRI PN SUSIEY - SAUph ISP o L) I DRSSP UDZ I ISP
e SULL SUPPOIL 111 WC HUUSL O1 Siglhicdliuy 110IC 11ICX1DIC SUppPOIS (11d1a-spot)
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. supports with fewest or smallest anchor bolts
. gang supports reacting loads from several pipes

. supports not attached to structural steel or concrete (such a supports attached to
other piping, cable tray or transite walls)

10.1.1.17.1 Seismic Demand

The calculation of horizontal and vertical seismic loading on pipe supports is based on the tributary
weight of adjacent piping spans multiplied by one of the following factors:

1. For piping supported from grade, multiply by the peak of the 5% damped ground response
spectrum. (see Section 5.2)

For piping supported above grade, muitiply by the peak of the 5% damped floor (in-
structure) response spectrum. (see Section 5.2)
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6 of the DOE Seismic Evaluation Procedure

The review team must take care to limit their calculations to credible an
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mode

An explicit calculation of weld capacities is not required if the welds are estimated to be the same

size, and develop the same strength, as connecting members

The fatigue capacity of threaded rod hangers with fixed-end connections to the wall or structural

steel, may be evaluated using the fatlgue evaluation sc reening charts for raceway supports in

Section 9.2.1 of the DOE Seismic Evaluation Procedure.
10.1.1.18 Interaction with Other Structures (Screen 13)
Screen 13 - The piping being reviewed shall not be a source or target of interactions.

Commentary

A piping system subjected to seismic loads will displace or swing laterally, and may impact
adjacent components.
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10.1.1.18.1 Estimate of Displacement

Without detailed analysis, lateral displacements or swing deflections of piping spans can be
estimated.

An approximate formula to estimate pipe displacements (Sd [in]) at spectral acceleration (Sa

where 1.3 is the mode participation factor for a simply supported beam. An approximate upper
bound for a 0.3g Regulatory Guide 1.60 “Design Response Spectra for Seismic Design of Nuclear

Power Piants™ (KeI 104) specrrum at low Irequency (less than 0.25 Hz) is about 28” for 5%
damping. Actual displacements of piping systems which meet the screens are rarely larger than

179
Z

TYen a1l Ancac ) R Py Sy, sregpu | I R 7o ey o | RS SR L Y .
in all cases, the review team wiil nave to carefully estimate the ex pipe detlection and the
At naa azatla Anzenaiter o alacAdh faaniana
component's capacity to absoro impact

Yananall jmnact mriet he avaided i i+ affacte tha Fallai oo oo oy
Generally, impact must be avoided if it affects the following components
e antiva amiinmant (mmntnre fang ninimnge atn~ )

avlilvye U\iulplll\zllt 111VLwUL S, 14alid, PUIIIPD, Clb.)

. sprinkler heads

Generally, impact may be of little consequence if it affects the following components:

J passive components (tank, check valve, etc.)
. pipes of approximately the same or larger diameter

In all cases, the review team must use judgment in estimating the extent of movement of the pipe
under review and the capacity of the impacted equipment.

The review team shall visually inspect all structures and commodities located above the pipe and
identify those hazards which are ]udged to be credible (may fall on the pipe) and s1gn1ﬁcant (fall
impact may cause pipe failure as defined in Table 10.1.1- ). The gu1dance in Chapter 7 of the
DOE Seismic Evaluation Procedure for equipment interactions may be used for this evaluation.
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dealing with outliers are described in Section 10.1.2.6.

10.1.2.2 Pipe Condition Assessment

The seismic evaluation of underground piping must include an assessment of the existing pipe
condition with verification that there has not been significant degradation in the strength, ductility,
wall thickness, and joint integrity. This assessment includes:

1. Confirmation of the compatibility of the pipe material, exterior coating, interior lining
(where provided), with the conveyed fluid and the surrounding soil or backfill.

2. Examination of historical performance data and maintenance records for evidence of
leakage or repairs.

3. A visual and volumetric examination of selected sections of the piping (which will have to
be excavated at examination points) to confirm the soundness of materials and joints.

Should this assessment identify a problem with the existing pipe integrity, the piping should be
considered an outlier. Piping designated as an outlier should be investigated over a larger extent of
the pipe length than the selected sections to identify the entire extent of piping with the problem.
Mitigation of piping integrity necessitates repair or replacement of the affected pipe length.
10.1.2.3 Appilied L.oads

Seismic loads acting on underground piping include wave passage directly inducing strains in the
pipe, transient seis tion from differential movement of building or other structures to
P N I e ot -

hich the pipe is attached, anent seismic anchor motion from soil movements resuiting
- SR . PR

mic anchor mo
0 -I an

a1 qemcen A PYVR [ ~e 1 1 a_ PSS R,

spreading, settiement, or landslides. Seismic loads are
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. It is judged that the one case of observed damage
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resulted from a very unusual combination of circumstances. If conditions approach those

described for this case, the ductile pipe must be designated an outlier and appropriate analyses can

demonstrated very good pipe performance
spreading, liquefaction, landslides, or fault displacement must be considered an outlier. In these

Other examples of ductile underground piping subjected only to seismic wave propagation have
Underground piping at sites subjected to permanent soil movements due to settlement, lateral
conditions, the pipe must be evaluated in the manner described in Section 10.1.2.6.

10.1.2.5 Evaluation of Piping for Permanent Soil Movements

be used to evaluate this piping.
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For underground pipe at sites subject to permanent differential soil movement, considerable effort
must be expended to establish the amount of movement, the rate of movement, the direction of
movement, and the area impacted by the movement. In such cases, the preferred solution is to
mitigate the soil such that movements do not occur or to reroute the pipe to avoid the affected area.
If this is not possible, underground pipe evaluation is typically performed by conducting analysis
of non-linear representations of the pipe and surrounding soil subjected to conservative estimates
of the permanent ground deformation caused by settlement, spreading, liquefaction, or landslide.
The resulting pipe response is compared to empirically based pipe strain criteria. In some cases, it
may be possible to evaluate the pipe using the pseudo linear beam on elastic foundation analysis
described in Chapter 7 of Reference 29 and discussed above for wave passage effects. Guidance
on the evaluation of underground piping subjected to fault displacement is provided in Reference
105. The allowable strain criteria in Chapter 7 of Reference 29 is more conservative than that in

Reference 105.
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1 fil
plenums can be evaluated using the caveats given for the equipment class of Fans, as discussed in
Section 8.2.10.

HEPA filters themselves are generally lightweight and firmly held in position to a frame by some
type of restraining mechanism. Both the frame and the restraining mechanism need to be
evaluated. The frame should be evaluated for overall stability and to determine if permanent
deformations can take place that adversely affect the function of the filter bank. The restraining
mechanisms should be reviewed to determine if the filters can come loose during an earthquake.
Seismic evaluations should include not only the equipment the filters are installed in, but also the
framing and restraining mechanisms within those pieces of equipment.

HEPA filters should also be reviewed for potential seismic interactions. One such interaction
would be the effect of fire suppression water on the filter functionality. Should fire sprinklers
activate during or following a seismic event and spray water on the HEPA filters, the HEPA will
weaken and may fail to function as intended. In addition, should a seismic induced fire occur
during or following an earthquake and the fire suppression fails to activate, heat from the fire could
adversely affect the functionality of HEPA filters.
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Figure 10.2.1-1

HEPA filters are contained in stainless steel canisters bolted to the
tops of these glove boxes.
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Figure 10.2.1-2 This filter plenum containing a series of HEPA filters is similar to
a glove box.
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10.2.2 GLOVE BOXES

This section describes general guidelines that can be used for evaluating and upgrading the seismic
adequacy of glove boxes which are included in the Seismic Equipment List (SEL). The guidelines
contained in this section are based on analytical and walkdown experience at Los Alamos National
Laboratory as well as other DOE sites. Guidelines in this section cover those features of glove
boxes which experience has shown can be vulnerable to seismic loadings. -

Glove boxes (see Figure 10.2.2-1) serve as primary confinement for radioactive or hazardous
materials. As such, the pressure inside a glove box is less than the room pressure external to the
glove box. Therefore, maintaining the pressure boundary is important when evaluating the seismic
adequacy of glove boxes.

In evaluating glove boxes, the following five areas should be evaluated:

. seismic interaction effects, including flexibility of attached tubing and conduit and interaction
with components or equipment located inside the glove box (heat sources, furnace, vacuum
chamber, or flammable materials)

. load path

. supporting frame work

. leak tightness
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The supporting framework of glove boxes is one aspect of the evaluation in which structural
calculations may be necessary to determine seismic adequacy. The framework should be reviewed
for missing or altered (cutouts, notches or holes) members. Frames which rely on moment
connections to provide lateral support and are constructed of unistrut or single angle legs have been
found to be especially vulnerable. Braced frames are generally less vulnerable.

March 1997 10.2-6



As previously noted, glove boxes serve as primary confinement for radioactive or hazardous
materials. As such, leak tightness is an important feature of the glove box system. Interaction
effects, load path, and supporting framework, in particular the relative dlsplacements with
connections boxes and attachments, could 1eopard1ze the integrity of the pressure boundary
associated with a glove box.

As with most equipment, anchorage should be evaluated using the procedure in Chapter 6. An
area of concern which should be reviewed carefully is the gap ) between the bottom of the base plate
and the floor. In many cases an individual glove box is part of a system or train of glove boxes in
which one box is connected to another box. To maintain proper vertical alignment of the boxes,
shims are typically used beneath the base plate (see Figure 10.2.2-3). These shims can introduce
bending to the anchor bolts which can significantly reduce the capacity of the bolts. The reduction
of bolt capacity due to bolt bending is briefly discussed in Chapter 6.
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Three general methods of evaluating and providing a 0 ar ne
are outlined below. The screening evaluation for anchor bolts is provided in Chapter 6 with the
miscellaneous machinery typically treated as rigid. For miscellaneous machine S i

evaluation should emphasize its anchorage.

=

I
w
!
I

. Anchor bolts should be provided through existing holes in machinery base. Bolt sizes
should be the same as the size of the furnished holes and excessive amounts of shims should

not be used.

. For tall, narrow, and/or top-heavy machinery which may overturn in a strong earthquake,
anchors should be provided at all four corners, as shown in Figure 10.2.3-5.

. For short, wide, and/or bottom-heavy machinery which may slide but not overturn, bumpers
should be provided at all four corners. As shown in Figure 10.2.3-5, bumpers should
contact the edges of the machinery if possible. A resilient pad, such as neoprene, may be
glued to the face of the angle to reduce impact loads.

Many miscellaneous machinery components are box-like units that simply rest on a concrete floor.
A minimum of four anchor bolts should be provided for each item and the spacing between the
anchor bolts should not exceed 4 feet. For machinery provided with base plates or structural
members with holes intended for anchors, expansion anchors should be provided in these holes.
Otherwise, new clips or angle can be either welded or bolted to the machinery and expansion
anchors provided for the floor. For tall machinery, anchorage to a wall with adequate capacity in
addition to that provided at the base can greatly increase the seismic capacity of the anchorage
system.

There are many installation conditions for machinery in a machine shop or maintenance facility.

General categories of the conditions inciude machinery on skids or wheels. Approaches which
may be used to evaluate and upgrade the machinery in the two categories are presented below.

eel (or equivalent s

)

2
i
3
>
i
=3
D
']
.
o)
D
)
.
i
)
f
)
I
)
)
:
‘N



stiffness to resist seismically induced lateral loads. Some recommended anchorage approaches are
presented in Figure 10.2.3-6.

Machinery on Wheels

A number of different types of machinery, including maintenance machinery and computer
consoles, are supported on casters or wheels. Without proper lateral restraint, machinery on
wheels can roll around and damage other property and/or injure personnel. Wheel locks and an
appropriate temporary restraining system, such as chains, should be provided for machinery that
must remain mobile for operational purposes. Tall machinery should be anchored to the wall or
roof at the top to prevent overturning. For more permanent items, floor or wall anchors should be
installed, as shown in Figure 10.2.3-7. When anchoring to an existing wall, the capacity of the
wall and the details of the structural connection of the wall and roof should be evaluated. If the
wall is an unreinforced masonry (URM) wall, the provisions of Section 10.5.1 should be used.
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Unanchored Metal Lathe Susceptiblie to Sliding (Figure 4-69 of
Reference 60)
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Figure 10.2.3-3 Unanchored Drill
Press Susceptible to
Overturning Damage
(Figure 4-71 of Reference 60)
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Figure 10.2.!

-4 Misaligned Electrical Motor Resulting from Improper Anchorage
(Figure 4-73 of Reference 60)
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Figure 10.2.3-5 Approaches for Anchoring Machine Shop Equipment

(Figure 4-74 of Reference 60)

March 1997 10.2-16



3/8" GUSSET PLATE MIN.
e /

— N
‘]\1——{}—< 2 SIDES
1//4

® —
_ ez k
3/8" SHIM PLATE MIN. \_//f'l
AS REQUIRED 427
MAX.
e r
— T ' A
i/é ¥
¥ // ¢
™\ /é' = E
)J_jf *© 1 =
vV
PLAN SECTION Q)

RETROFIT SKID ANCHORAGE WHEN UPLIFT CAN OCCUR.

(TYPICALLY HEIGHT/DEPTH > 2)

Figure 10.2.3
Reference 60)

March 1997 10.2-17

/1/4' PLATE
=
BASE OF SKID [ /
WF, CHANNEL, ANGLE
(WF SHOWN) ’\\H /
@ |H| l/ 1
N IS A"
o~ B
SHiMaAs W
REQUIRED £
MAX
r—
SV
v/
A —=t=
S i =
MIN. (4) 1/2" ¢ V
EXPANSION BOLT
'l
PLAN SECTION O)

RETROFIT SKID ANCHORAGE WHEN UPLIFT DOES NOT
OCCUR (LOW PROFILE EQUIPMENT)

-6 Approaches for Anchoring Equipment Skids (Figure 4-76 of
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